Intracellular polymerization. Disease severity and therapeutic predictions.
The extent of intracellular polymerization of hemoglobin S, leading to loss of erythrocyte deformability and eventual morphological sickling, is primarily determined by oxygen saturation and intracellular hemoglobin concentration and composition. Epidemiological analysis of sickle cell disease severity among the sickle syndromes and studies of the biophysics of intracellular polymerization were used to estimate the potential clinical benefit of various therapeutic strategies. These strategies include those designed to increase deoxyhemoglobin S solubility; to increase erythrocyte volume or water content, thereby reducing the intracellular hemoglobin concentration; or, most recently, to decrease the proportion of hemoglobin S by increasing the amount of non-S hemoglobin. Increasing levels of hemoglobin F is of particular interest due to its "sparing" effect in inhibiting polymerization, the well-characterized epidemiological associations of high levels of hemoglobin F with reduced disease severity, and recent studies of drug-induced increases in hemoglobin F. Our analyses of equilibrium polymer formation at physiological oxygen saturation values suggest that small decreases in polymer formation at intermediate levels of hemoglobin F may give rise to a small decrease in anemia (as associated with homozygous alpha-thalassemia coexistent with sickle cell anemia), but that greater reductions in polymer formation may be necessary to effect a significant improvement in disease severity. Current studies of hydroxyurea-induced increases of hemoglobin F give cautious optimism that therapeutically useful levels may be attainable.